posterior polarity after implantation appear at E5.5 and are revealed by the asymmetric expression of several genes along the proximal-distal axis of the egg cylinder [1]. Thus, while the mouse embryo appears radially symmetrical at E5.5, embryonic patterning is evident along unknown. There are two common suspects for such a cue: one Conclusions: The emerging anterior-posterior axis relates to embryo morphology rather than that of the prediction is that it relates to the site of embryo implantation, another is that it relates to the intrinsic polarity of uterus. The apparent shift in its orientation to align with the long embryonic axis and with the uterus is associthe embryo itself. These possibilities do not have to be mutually exclusive. Orientation of the embryo as it ated with a change in embryo shape and a refinement implants into the uterus relates to polarity developed by of anterior gene expression pattern. This suggests an the blastocyst stage [16][17] [18] [19] . Perhaps, therefore, the interdependence between anterior-posterior gene exembryo could respond asymmetrically to putative sigpression, the shape of the embryo, and the uterus. nals coming from this new maternal environment. Thus, regardless of whether or not the orientation of the imIntroduction planting embryo itself is predetermined by its intrinsic asymmetry, it is possible that the uterus influences the The anterior-posterior axis of the mouse embryo bedevelopment of anterior-posterior polarity. The second comes morphologically explicit at embryonic day (E) possibility is that this polarity stems from intrinsic asym-6.5. However, the first molecular signs of the anteriormetry in the embryo itself; this could develop (at least initially) independently of the uterus. This finds some back to the axis of bilateral symmetry of the preimplanta-
tion blastocyst, which in turn relates to the animal-vegeally symmetrical, i.e., flattened, such that the short axis was approximately 18% shorter than the long one (74 Ϯ tal axis of the zygote [11, [19] [20] [21] . The visceral endoderm progeny of cells from the end of the blastocyst axis 5m compared to 90 Ϯ 5 m; n ϭ 14) ( Figure 1C ). At E5.5, embryos were less flattened and their short axis derived from the animal pole tend to become positioned more distally on the egg cylinder than those derived was only about 5% shorter than the long one (n ϭ 14). Since the average length of the long embryonic axis was from the vegetal pole [11] .
Another intriguing observation that emerged from the relatively unchanged between E5.0-E5.5, it appeared that this shape change was due primarily to an increase studies of Weber and colleagues [11] was the changing shape of the clones of visceral endoderm cells as develin length of the short axis ( Figure 1C) . By E5.75, cavitation has occurred within the epiblast and a single-layopment proceeds from blastocyst to the egg cylinder stages. The coherent clones in the extraembryonic part ered ectoderm has formed. At this stage, flattening of the embryo reappeared: on average the short axis was were often diagonal extending from the anterior-proximal to posterior-distal regions, reflecting asymmetric 88% of the length of the long one (n ϭ 16). From E5.75-E6.5, the majority of embryos remained ellipsoidal in cell behavior. Clones in the embryonic part tended to be dispersed, consistent with posterior-to-anterior moveshape, and as they developed, their flattening became increasingly marked such that by E6.5 one axis was ment in the midline and spiraling in the lateral regions [11] . This indicated that even though the nature and 67% of the length of the other (n ϭ 18) ( Figure 1C ). To address whether the orientation of the ellipsoidalextent of cell displacements in these two parts of the egg cylinder differ, the visceral endoderm behavior in shaped embryos bears any consistent relationship to the axes of the uterus, we performed measurements of both extraembryonic and embryonic parts reflected the emerging anterior-posterior polarity. These studies thus histological sections of whole deciduae. This revealed that at E5.0 the embryo's long axis lay almost parallel to provided us with a glimpse of a complex pattern of cell behavior upon implantation likely to be important for the long axis of the uterus displaced only by an average angle of 6Њ Ϯ 4Њ (n ϭ 10) (Figure 2A ). At E5.5 it was not development of the major future body axis. However, the character of these pregastrulation transformations possible to orient the embryos, as they had become almost radially symmetrical by this stage. However, at of the egg cylinder has remained unknown. To which extent do they reflect differential growth of the egg cylin-E5.75-E6.0, the long axis of the embryo clearly did not show any specific orientation with respect to the axes der, change in its shape, or cell migration? It has also remained to be determined whether these cell moveof the uterus ( Figures 2B and 2C ). The mean angle between the long axis of the embryo and the long axis of ments that are predictive of anterior-posterior polarity relate to the morphological axes of the embryo, the the uterus was 53Њ Ϯ 21Њ(n ϭ 13) at E5.75 and 52Њ Ϯ 26Њ (n ϭ 30) at E6.0. As embryos developed toward uterus, or neither.
To approach these questions, we have carried out gastrulation their long axes became progressively aligned more perpendicular to the long axis of the uterus. morphological measurements, gene expression, and cell lineage studies to examine the dynamics of the The average angle between the long axis of the embryo and long axis of the uterus was 71Њ Ϯ 18Њ (n ϭ 9) at relationship between the axes of the embryo and the uterus between implantation and gastrulation and their E6.25 and 74Њ Ϯ 13Њ (n ϭ 12) at E6.5. In conclusion, E5.0 embryos bear a marked bilateral relationship with the molecular emergence of the anterior-posterior axis. This has brought us unexpected insymmetry and their long axis is oriented parallel to the long axis of the uterus. This bilateral symmetry is, howsights into the establishment of the anterior-posterior axis in the mouse. ever, transient as the embryos become nearly radially symmetrical at E5.5. As development proceeds to the gastrula stage, flattening of embryos reappears. Initially, Results however, the embryo's long axis is oriented randomly with respect to the uterine axes. Only shortly before The Embryo Undergoes Dynamic Changes in Its gastrulation does the long axis of the embryo become Shape and Orientation with Respect to the progressively oriented with respect to the uterine axes.
Uterus between Implantation and Gastrulation
But in contrast to the initial arrangement, at the time of We first sought to determine the extent to which the gastrulation, the long embryonic axis adopts a position morphological axes of the embryo relate to the axes of almost perpendicular to the long axis of the uterus (as the uterus shortly after implantation. morphology of the embryos at different stages of the peri-implantation development on one hand and the emergence of the anterior-posterior axis on the other. that the mouse embryo changes its shape shortly before This is that the embryo passes through an intermediate gastrulation and that the extent to which the shape is stage that approaches radial symmetry around the time changed might slightly differ and so be characteristic for when the anterior-posterior axis can be described by individual embryos. We think that such a shape change current molecular markers, and we have no molecular could be accompanied by the fine-tuning of the expresmarkers at these earlier stages to which the shape sion of anterior and posterior markers so that ultimately changes can be referred. We can, however, hypothesize the AVE is positioned toward the end of the long embryin relation to the present data about the nature of the onic axis at the time of gastrulation (Figure 7) . In the mechanisms that link subsequent changes in the emcase of Cerl, this is seen as a restriction of its transcripbryo shape to the molecular specification of the emergtion within a subset of cells of those originally expressing ing anterior-posterior axis. It is possible that flattening the protein.
at the time of the distal-to-anterior cell movement arises as a result of the mode of the growth of the egg cylinder.
Discussion
The distal-to-anterior migration would then be a natural extension of this growth pattern. Our data do not, howWe describe here three major shape changes that take ever, allow us to exclude that the flattening of the embryo place in the mouse embryo in the interval between immight also partly be a consequence of this cell migration plantation and gastrulation. The embryo is flattened at per se. This second hypothesis seems to be favored in a recent study by Rivera-Perez and colleagues (published implantation and then becomes almost radially symmet- posterior "organizing" centers to achieve a correct patterning of the early gastrula embryo.
Generation of Cerl-GFP Transgenic Embryos
The fact that embryos cultured in vitro are not in their probes used in this study corresponded to the following genes: Fgf8, Cerl, Gsc, and T [33] . For in situ hybridization on histological sections, the sections were dewaxed and rehydrated before immediExperimental Procedures ately undertaking in situ hybridization protocol. The same procedure was applied except that a proteinase K (10 g/l) treatment was Embryos included for 10 min followed by postfixation in 4% paraformalde-F1 (C57BL6 ϫ CBA) or Cerl-GFP transgenic mice (see below) were hyde for 10 min. bred with artificial "day/light" being maintained from 06:00-18.00 hr. All of the analyzed embryos or deciduae were obtained from naturally mated F1 ϫ F1 or F1 female ϫ Cerl-GFP male crosses.
Embedding for Histological and GFP Analysis of Cerl-GFP Embryos They were staged according to the time of recovery as follows. E5.0 for embryos that were recovered between 21:00-03:00 hr on the Deciduae were recovered at the indicated stages in M2 medium or PBS and fixed immediately in 4% paraformaldehyde overnight at fourth to fifth day after fertilization (day of plug), E5.25 between 03:00-09:00 hr on the fifth day, E5.5 between 09:00-15:00 hr on the 4ЊC. They were washed twice for 10 min in PBS and processed through ethanol dehydration for successive periods of 10 min in fifth day, E5.75 between 15:00-21:00 hr on the fifth day, E6.0 between 21:00-03:00 hr on the fifth to sixth day, E6.25 between 25%, 50%, 75%, 90%, and 96% ethanol in PBS. Subsequently, they were kept in 96% ethanol (for up to 1 day), transferred to 1:1 03:00-09:00 hr on the sixth day, E6. 25 
